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Summary
Introduction: The ultrasound examination of intracranial venous structures by transcranial
color-coded sonography (TCCS) is a validated and standardized application. Similarly some
intracranial venous sinuses are known for their relatively low insonation rate, as straight sinus
(SRS) and transverse sinus (TS), ranging from 35% to 73%. The relatively high frequency of
hypoplasia of TS can partially take account for these data. The aim of this study is to evaluate
the feasibility of this approach in a standard TCCS examination, in comparison with magnetic
resonance (MR) ﬁndings by using the Virtual Navigator system.
Patients and methods: The standardized approach to the TS was a contralateral insonation,
starting to the SRS plane and angulating downwards the probe. In this way it is possible to
insonate the proximal segment of the contralateral TS. We proposed a new approach with an
extreme downwards tilting and a slow opposite angulation of the probe for examining the ispi-
lateral TS. Forty consecutive subjects were chosen among patients who underwent standard
TCCS examinations at our lab and had a suitable temporal acoustic window, and a recently per-
formed MR venography. The contralateral TS insonation rate was compared with the ipsilateral
one.
Results and discussion: The insonation rate was 61/80 (76.25%) for the contralateral TS and
75/80 (93.75%) for the ipsilateral approach. Two of 5 not detectable TS were aplasic in MR
venography and the others were not identiﬁed by a poor acoustic window.
Conclusions: The ipsilateral approach could be associated to the contralateral standard study
for insonating the TS.
© 2012 Elsevier GmbH.
Abbreviations: CT, computed tomography; MR, magnetic resonance; SP
uperior sagittal sinus; SyS, sygmoid sinus; TCCS, transcranial color code
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Introduction
Neurosonology, mainly TCCS, has been recognized in the
last years as a valuable technique to assess the intracra-
nial venous hemodynamics, and to insonate the main deep
cerebral veins and the dural sinuses. Reference data about
normal subjects are available for several cerebral veins and
sinuses, and there are some pathological situations for which
the ultrasound examination of venous hemodynamics have
a clear and recognized usefulness and rationale, as cerebral
vein thrombosis, mainly for the monitoring of recanaliza-
tion, transient global amnesia, space occupying lesions, etc.
One of the main limitations of the neurosonological study
is the relatively low insonation rate of some intracranial
venous structures that make virtually impossible the dif-
ferential diagnosis between hypo-aplasia and obstruction
for paired structures only by using TCCS, and without the
presence of indirect signs. Indeed, if some veins are almost
constantly present, as the paired basal vein of Rosenthal and
the Galen vein, other veins are characterized by frequent
side-by-side variability for hypoplasia or aplasia on one side,
as the TS. Another limitation is the wide variability of com-
municating channels between the deep venous system, the
dural sinuses and the cavernous sinus pathway, besides a
complex anastomotic system between the intracranial and
extracranial venous circulation.
For these aspects, the more problematic vein could be
the TS, because of its relevance, as part of the jugular out-
ﬂow system, and the side-by-side variability. Right and left
TS arise at the torcularis herophyli and run laterally from
the internal occipital protuberance in a bone groove within
the insertion of the tentorium. At the lateral head of the
petrous bone edge the TS leaves the tentorial course and it
becomes SyS, after receiving the SPS. The right TS is usu-
ally larger than the contralateral one and it drains mainly
the SSS. The size of the left TS is usually lesser than the
contralateral one the left TS drains mainly the SRS.
The insonation rate of the TS in the sonological literature
using TCCS is variable and substantially poor, if compared
with other intracranial veins, as the basal vein of Rosenthal,
ranging from 35% [1] to 73% [2]. The conventional approach
at the insonation of the TS is a contralateral one and the
reported data are derived from this approach, as described
in [3]. But the contralateral approach to the TS has some lim-
itations, because of its limited ﬁeld of view; another known
difﬁculty is the insonation of hypoplasic veins.
Therefore, an ipsilateral approach with a slightly differ-
ent access could represent an alternative possibility and
increase the insonation rate of TS. Moreover it can allow
to insonate a longer segment of the TS.
For the validation of this new approach a comparison
between the TCCS insonation planes and the correspond-
ing neuroradiological oblique images of the same person is
desirable, and a real time comparison while the sonologi-
cal examination is performed would be also useful, but not
yet codiﬁed and implemented for the intracranial circulation
study. Indeed ultrasound techniques have a high dynamicity,
and therefore a good temporal resolution and neuroradi-
ological techniques have a high anatomic deﬁnition, and
therefore a good spatial resolution. The possibility of com-
bining the ultrasound examination with a reference modality
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n real time allows conﬁrming the anatomical assumption
f a new approach. Moreover the identiﬁcation of vessel
egments (TS in this case) is faster and more reliable. This
ystem is a Virtual Navigator software, already used in other
ody districts.
Therefore, after the identiﬁcation and the proposal of an
xtended ipsilateral insonation for the TS an imaging fusion
ystem was implemented and tested validating it.
atients and methods
orty consecutive subjects (28 men and 12 women, mean
ge 55.63± 7.61 years) were chosen among patients who
nderwent standard TCCS examinations at our lab and had
age >18 years;
a suitable temporal acoustic window for the study of the
arterial circulation;
a recently performed intracranial MR angiography with
normal venous ﬁndings (also patients with a marked
hypoplasia of the TS were included).
All subjects have not a disease of the venous system and
he reasons why they underwent brain MR were migraine
r dizziness or a control examination of a previously known
onspeciﬁc lesion pattern in the white matter or previous
schemic stroke in the arterial circulation.
The basal TCCS examination was performed by using a
yLab 60 equipment and both the contralateral and the
psilateral approach were used for the insonation of the TS.
The ﬁrst 20 subjects underwent a further study with the
irtual Navigator software in order to validate the ipsilateral
pproach.
Fig. 1 shows an example of the contralateral and ipsi-
ateral approach to the TS. It is notable that the proposed
nsonation plane for the ipsilateral TS, with a more anterior
ositioning of the probe and an opposite tilting, as compared
o the contralateral approach, allows a larger ﬁeld of view,
nd therefore an examination of a greater extent of TS.
The increased ﬁeld of view led us to distinguish three
egments of the TS through an ipsilateral approach, as shown
n Fig. 2, because of the visualization of the entire course
f the TS in the correspondent bone groove.
All segments were looked for during the basal TCCS and
uring the Virtual Navigator examination, and separated
nsonation rates were calculated.
Therefore, the global insonation rate of the TS is com-
osed:
for the contralateral approach by the insonation of the
proximal segment;
for the ipsilateral approach by the insonation of at least
one of the proximal, middle and distal segment.
so potentially increasing the rate of success in the TCCS
nsonation of the TS. Considering both sides, 80 TS were
nsonated with both contralateral and ipsilateral approach.Insontation rates were compared by using the Fisher
xact test.
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Figure 1 Overview of the classic contralateral (a) and ipsilateral (b) approach to the TS insonation over the schematic anatomical
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orawing (left side of the ﬁgure) with the ultrasound probe deﬁn
way from to the probe and ipsilateral TS has a ﬂow direction t
xperimental
he ﬁrst 20 subjects underwent TCCS study with the Vir-
ual Navigator system in order to conﬁrm the anatomical
orrespondence of the new proposed insonation plane, and
he identiﬁcation of all segments of the ipsilateral TS,
y using MR imaging of the same subject as a real time
u
p
r
o
igure 2 Detailed drawing of the segmentation of the TS into a
iew. (b) Reconstructed ipsilateral insonation of the TS. (c) MR veno
emporal bone window in a posterior cranial fossa view in power mo
f the full course of the ipsilateral TS.he side of the insonation. Contralateral TS has a ﬂow direction
probe.
eference modality. The Virtual Navigation system is a
oftware of imaging fusion between several techniques,
euroradiological techniques (CT or MRI) and real-time
ltrasound examination, so improving the localization of
redeﬁned targets. This tool can combine the high time
esolution of ultrasound with the high spatial resolution
f MR or CT. The goal is to enhance the images produced
proximal, middle and distal segment. (a) Anatomic schematic
graphy with corresponding TS segmentation. (d) TCCS from the
de with a similar segmentation. It is notable the visualization
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Figure 3 Virtual Navigator examination of the ipsilateral TS and its segmentation. In the right side of the images there is the
ent
dcorresponding oblique insonation plane of MR. (a) Proximal segm
by an ultrasound scanner by combining them with a sec-
ond modality (like CT or MR). The system consists of an
ultrasound real time scanner equipped with an electromag-
netic tracking device enabling the image fusion based on
the geometry data and the content of the second modality
o
p
o
p. (b) Middle segment. (c) Distal segment.
ataset. Furthermore ultrasound images have a limited ﬁeld
f view and their quality can be affected by the physical and
hysiological conditions of the patient, but other method-
logies, like CT and MR offer a wider ﬁeld of view, are rather
atient-independent. The ﬁrst step of the examination is the
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Table 1 Comparison of the insonation rates of the TS between contralateral and ipsilateral approach.
TS segments Contralateral insonation (%) Ipsilateral insonation (%) P
Proximal segment 61/80 (76.25) 75/80 (93.75%) 0.0033
Middle segment 15/80 (18.75) 69/80 (86.25) <0.0001
Distal segment 0/80 74/80 (92.5) <0.0001
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[All segments 76/240 (31.67%)
atching and locking the MR reconstructed oblique plane
ith the TCCS examination for the main intracranial arter-
es. Therefore, the correspondence of the real-time moving
nsonation planes is assessed for the venous examination.
esults
he ﬁrst 20 patients underwent the basal TCCS for the
enous examination and the Virtual Navigator study in order
o conﬁrm the initial assumption of the ultrasound land-
arks for the ipsilateral TS identiﬁcation.
The Virtual Navigator examination and the anatomical
atching were performed for the three segments of the TS
hough the ipsilateral scanning approach. Fig. 3 showed the
xamples of the corresponding TCCS MR planes for three seg-
ents of the TS. For the proximal segment of TS a posterior
ccess to the transtemporal bone window was used (Fig. 3a),
or the middle segment is used a slightly anterior approach
nder real time visual control of the corresponding moving
lane of the MR (Fig. 3b); for the insonation of the distal
egment both approaches along the temporal bone window,
he anterior and the posterior one, can be used (Fig. 3c). In
he anterior approach only the hyperechoic occipital bone
s available as a landmark, but also the lateral head petrous
one is often identiﬁable during the insonation of the lateral
egment of the TS.
The insonation rate was 61/80 (76.25%) for the contralat-
ral TS, combining the classical approach with an oblique
nsonation in a posterior fossa plane.
19/80 (23.75%) of the TS were not identiﬁed by TCCS with
contralateral approach, and this result is according to the
iterature data. 10/80 (12.5%) of the non-visualized TS were
ypoplasic at the neuroradiological evaluation, mainly on
he left side.
75/80 (93.75%) TS were successfully insonated through
he ipsilateral approach, considering at least one of the
hree segments; 69/80 (86.25%) TS were insonated in two
egments.
Two of 5 (40%) not detectable TS were aplasic in MRA
nd the others 3 (60%) were hypoplasic and were not iden-
iﬁed by a suboptimal temporal acoustic window for the
enous examination (main intracranial arteries were well
dentiﬁable).
A comparison between controlateral and ipsilateral
nsonation rate is shown in Table 1. There was a statistical
igniﬁcant difference between contralateral and ipsilateral
[218/240 (90.83) <0.0001
nsonation in favor of the ipsilateral insonation, both for the
lobal insonation rates and for segmental insonation rates.
iscussion
he challenge of this work was to ﬁnd the way for improving
he insonation of the TS by TCCS and the ﬁrst step was the
asual observation of the larger extent of the TS evaluable
y an ipsilateral view. The direct comparison of TCCS images
ith the MRI reconstructed planes by the Virtual Navigator
oftware helped to deﬁne and standardize the anatomi-
al landmarks of this proposed approach. The insonation of
he TS by an ipsilateral approach causes a higher success
ate than the contralateral approach, mainly for severely
ypoplasic TS.
The use of previously non-standardized approach for
nsonating cerebral vessels, particularly veins and sinuses,
ould be made easier by real time fusion imaging technolo-
ies, as Virtual Navigator. The proposed ipsilateral approach
o the TS allows the arbitrary segmentation of its entire
ourse, and it is not possible through the contralateral
pproach because of the lesser ﬁeld of view. The standard-
zation of this approach has been performed through the
recise identiﬁcation of the bone and parenchymal land-
arks, comparing real time TCCS with MR angiography and
rain MR imaging.
onclusions
he ipsilateral approach could be even more successful than
he contralateral one for the insonation of the TS, and the
ombination of both strategies could further increase the
ikelihood of successful insonation of the TS.
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